The paper presents causality analysis between stock market development and economic growth for 25 advanced economies over the period 1975-2011. We apply bootstrap panel Granger causality method (Emirmahmutoglu and Kose, 2011) for this purpose, which incorporates heterogeneity and cross-sectional dependence in a panel framework. Using alternative measures of stock market size and liquidity, we find evidence of uni-directional causality from stock market development to growth in case of individual countries as well as with panel statistics in the presence of cross-sectional dependence which support supply leading hypothesis (stock market led growth). However, we hardly find any evidence of demand-following hypothesis or feedback hypothesis. Findings also reveal that market size is relatively more important than liquidity measures in case of advanced economies despite favourable theoretical prediction that stock market liquidity might ease investments, improve allocation of capital and enhance prospects for economic growth. Probable policy implications that emerge from experiences of advanced economies is that despite several unfavourable features of stock market development, which put certain market dominated advanced economies in disadvantageous positions compared to certain bank-based economies, emerging economies should certainly focus on stock market development as alternative potential means of financial development and hence long-term economic growth.
INTRODUCTION
There are conflicting theoretical predictions about overall effect of financial development, as well as separate effects of stock market and banks, in the process of long-term economic growth. Several theoretical as well as empirical models predict that well-functioning markets and financial intermediaries facilitate the pace of mobilisation of savings and contribute to economic growth through reduction of information costs (Boyd and Prescott, 1986; Allen, 1990; Greenwood and Jovanovic, 1990) , reduced transactions costs (Greenwood and Smith, 1997; Levine, 1997) , through elimination of liquidity risk (Bencivenga et al., 1996) and diversification of risks (Greenwood and Jovanovic, 1990; Devereux and Smith, 1994) . Levine (1997) concludes that countries with active stock markets and large banking networks grow faster over subsequent decades even after controlling for several other factors underlying economic growth. Industries and firms that rely heavily on external financing grow disproportionately faster in countries with well-developed banks and securities markets than in countries with poorly developed financial systems (Rajan and Zingales, 1998) .
Existing literature also provides conflicting predictions as to whether stock markets and banks are substitutes or compliments or whether one is more conducive to growth than other. While Stiglitz (1985) argues that stock markets hardly improves resource allocation and corporate governance, Boyd and Prescott (1986) show that banks ease informational asymmetries in allocation of resources. On the other hand, Allen and Gale (1999) argue that with new technologies, investor's diversity of opinion reflects differences in prior beliefs rather than differences in information. Financial market in general, and stock market, in particular, however, have the advantage in that these markets allow individuals with similar views to join together in financing projects and finance can be provided by the market even when there is great diversity of opinion among investors. Allen and Gale (2000) , further argue that markets may mitigate the monopoly power exercised by banks and emphasise that competition in markets may promote innovative and growth enhancing activities as opposed to conservative approaches of banks. Greenwood and Smith (1997) build their hypothesis on feedback effects in that markets play a crucial role in economic development and that economic development leads to the formation of new markets which is endogenous. They show that market formation would typically require some period of real development and market formation would, in turn, enhance growth afterwards because markets promote the allocation of capital to its highest return uses, alter composition of saving, and foster specialization.
Amidst this debate over stock market versus banks, it is worthy to mention specifically that stock market may affect economic growth through three specific channels -growth of savings, efficient allocation of investment resources and better allocation of existing resources performed by two market mechanisms: take-over mechanisms and pricing process. Singh (1993) mentions that stock markets encourage savings in an economy providing households additional financial instruments which may better meet their risk preferences and liquidity needs. In a well-developed stock market, share ownership provides individuals with relatively liquid means of sharing risks in investment projects. Contrary to expectations, however, evidence from developed country stock markets such as UK, USA, Germany and Japan reveal that performance of stock markets in growth of savings is either negative or barely positive over 1970-85, and internal sources of funds such as retained earnings appeared to be the major source of corporate finance (Mayer, 1990) . These finding are also theoretically consistent with pecking order theory of finance. Second, pricing of shares in stock market is critical to allocative efficiency in that an efficient pricing mechanism leads to higher valuation of well-managed and profitable firms than unprofitable ones. This, in turn, leads to lowering of cost of capital and hence greater allocation of new investment capital to profitable firms.
Against this background, this paper exclusively looks into the direction of causality between stock market development and economic growth. In fact, our motivation lies in whether stock market development contributes to economic growth or it passively responds to growth. If stock market development causes economic growth, policies should aim at fostering stock market development as an engine of economic growth. However, if it merely responds to economic growth, it implies that immediate focus has to be on other growth determinants which would result in faster economic growth. This, in turn, would stimulate further development in stock market. Secondly, scant evidence on stock market-growth causal relationship motivates us to examine this relationship.
In doing this, we take recourse to three competing hypotheses of Patrick (1966) which summarised the link between financial development and economic growth: demand following, supply leading and feedback hypothesis. We test these hypotheses in the context of stock market-growth relationship. Under demand following hypothesis, higher economic growth creates demand for certain financial instruments and services, which leads to establishment of institutions (banks etc.) to cater to those needs (Robinson, 1952) . On the contrary, under the supply leading hypothesis, a wellfunctioning stock market is supposed to channelize resources from surplus units to deficit units so as to provide an efficient allocation of resources and create conditions in the economy that result in higher economic growth and higher income per capita.
1 Third, feedback hypothesis states that financial development and growth reinforces each other. Following the third hypothesis, an economy with a well-developed stock market is supposed to promote higher economic expansion through allocation of capital to its highest return uses, changes in composition of saving, specialization and technological changes, which, in turn, would generate higher demand for stock market instruments. As stock market effectively responds to this demand, these changes will stimulate higher economic growth. Both stock market and economic development are, therefore, supposed to be positively interdependent as per the feedback hypothesis and their relationship could be bi-directional. We examine these hypotheses for a panel of advanced economies in Granger (1969) causality framework for 25 advanced economies for the period, 1975-2011. We apply Emirmahmutoglu and Kose (2011) panel Granger causality method which uses Toda and Yamamoto (1995) Granger causality testing procedure and employ bootstrapping. Major contributions of this paper are as follows. First, to the best of our knowledge, this is perhaps the first study that examines exclusively, Granger causality relation 1 For detailed review of role of financial development in economic growth, see Levine (1997 Levine ( , 2005 between stock market development and growth in panel framework taking care of issues related to corss-sectional dependence. Causal relation between stock market and growth is important in the sense that it may provide policy guidance related to stock market development particularly in emerging and developing countries where stock markets are in nascent stages of development. Secondly, unlike previous studies on financial development in general, and stock market development in particular, and their relation to economic growth, we apply one of the most advanced causality framework (Emirmahmutoglu and Kose, 2011) which incorporates cross-sectional dependence in sample countries. This is important as ignoring cross-sectional dependence may produce biased results (Bai and Kao, 2006) .
2 Moreover, this method allows us to investigate causal relation for each country in our sample. This aspect seems to be important as panel results overlooks heterogeneity in individual results. This method however, also allows for testing the joint hypothesis of Granger causality with panel statistics which have higher statistical power than time series based methods (Breitung and Pesaran, 2008) . Considering the importance of both panel and individual results of Granger causality, both types of statistics seems to be important in providing robustness to the analysis. Thirdly, existing studies on causality mainly focus on measures of financial intermediary development (Demetriades and Hussein, 1996; Calderon and Liu, 2003; Christopoulos and Tsionas, 2004) . However, our study exclusively focuses on causal relationship between stock market development and economic growth thereby explores the role of markets in long term economic growth. We also consider one of the longest time series data available which provides us sufficient number of time points to uncover causal patterns in individual as well panel results. Lastly, from methodological point of view, we use two additional panel statistics suggested by Choi (2001) in addition to Fisher statistic used in EK method which provides more robustness to our results. Rest of the paper is structured as follows. Section 2 provides a brief review of relevant literature. Section 3 presents econometric methodology. Section 4 presents description of data. Section 5 provides empirical results and discusses the implications of our findings. Section 6 concludes the paper.
LITERATURE REVIEW
Since last two decades, there has been significant focus on the role of stock market in economic growth (Demirgüç-Kunt and Levine and Zervos, 1996, 1998; Korajczyk, 1996) .
3 A considerable amount of empirical literature has evolved providing 2 One important issue while dealing with panel data models is that cross-sections may be correlated and some common factor may influence observations in all the cross-sections which may make these individual units in panel cross-sectionally dependent. Accounting for cross-sectional dependence may alter results and substantially modify conclusions made by panel tests which doesn't account for cross-sectional dependence. Although, a sizable amount of empirical literature has evolved over the years, unavailability of evidence in favour of growth stimulating effects of stock market development (Atje and Jovanovic, 1993; Levine and Zervos, 1996) . Levine and Zervos (1998) investigate the effect of stock market development in economic growth for a sample of 47 countries for the period of 1976-93 and provide evidence in favour of positive effect of stock market development on economic growth and results are robust towards different indicators of stock market development. Rousseau and Wachtel (2000) study the link between stock market development and economic growth for 47 countries for the period 1980-1995 in a dynamic panel setting and concludes that stock market liquidity is highly important for economic growth. Mauro (2003) argued that stock market is a stable factor of economic growth in emerging economies. Henry (2000a Henry ( , 2000b finds that stock market liberalization results in reduction of cost of capital for firms and hence results in capital growth and ultimately leads to increased growth of per capita income. Arestis et al. (2001) finds in the context of select five developed economies, stock market exerts relatively less effect on growth than banks. Beck and Levine (2004) find that countries with greater stock market depth and liquidity grows, on an average, faster than countries with under-developed stock markets. Caporale et al. (2004) finds that well developed stock markets foster economic growth through its effect on capital accumulation and economic efficiency through better resource allocation. also focused on unresolved issues as to the direction of causality between financial development and growth (Demetriades and Hussein, 1996; Calderon and Liu, 2003; Christopoulos and Tsionas, 2004) . Christopoulos and Tsionas (2004) used a panel dataset of 10 developing economies and apply panel unit root tests and panel cointegration tests to examine the direction of causality between financial development and economic growth. They found fairly strong evidence of causality running from financial development to growth but hardly found any evidence of bi-directional causality. Calderon and Liu (2003) apply Geweke decomposition test on pooled data of 109 developing and industrial countries for the period 1960-1994 and examine direction of causality between financial development and growth focusing on measures of financial intermediary development. They find evidence in support of Granger causality from financial development to growth as well as from economic growth to financial development. On the whole, above-mentioned studies exhibit mixed evidence as to the direction of causality. That apart, most of these causality analyses used broad measures of financial intermediary development: such as money supply and bank credit expressed as proportions of GDP. None of these studies, however, focussed exclusively on measures of stock market development to examine Granger causal relation between stock market development and economic growth.
Empirical literature identified few channels through which stock market may influence growth. Stock markets provide alternative savings opportunities by making available a set of financial instruments to savers in addition to bank deposits thereby systematic data on measures of stock market development for large set of countries and longer period of time, previously, posed a constraint on studies on stock market development and growth.
enabling savers to diversify their portfolios. This, in turn, provides an important source of investment capital (Dailami and Aktin, 1990) . Greenwood and Smith (1997) and Levine and Zervos (1996) find that large stock markets can lower the cost of mobilizing savings and thereby facilitate investment in most productive technologies which leads to higher rate of economic growth. Savers, in general, are unwilling to relinquish control of their savings for longer period whereas innovative projects with highest returns often require long-term commitment of funds. Therefore, in the absence of well-developed stock markets, savings doesn't get channelized into long-term investments which may have adverse implications for growth. Levine and Zervos (1996) find that active stock markets reduce liquidity risk for the borrowers as investors can easily liquidate their stock holdings in an active stock market. Stock markets provide alternate source of raising capital to firms for long-term investments which are crucial for long-term economic growth of an economy. Stock markets may result in higher per capita income through reduction of transaction cost (Bencivenga et al., 1996) and hence, provide opportunity to savers to hold different stocks. This risk diversification leads to more activity in stock market; hence, more savings are channelized into investments (Devereux and Smith, 1994) . Stock markets also foster growth through better corporate governance and control (Diamond and Verrecchia, 1982; Jensen and Murphy, 1990) . In active stock markets, investors reward particular firms for better performance by generating demand for shares which may result in better managerial control for the firms (Levine, 1997) . Kar et al. (2011) use the method proposed by Konya (2006) to examine the causality between financial development and economic growth and their findings show no evidence of causality between financial development and economic growth which supports Lucas's (1988) argument that the role of financial institutions is overemphasized in the process of economic development.
ECONOMETRIC METHODOLOGY

Test of Cross-Sectional Dependence
Prior to Granger causality tests using EK method, we test the assumption of cross-sectional dependence which tests whether errors in panels are cross-sectionally correlated or not. Cross-sectional dependence (or cross-sectional correlation) may arise due to fact that a shock originating in one country may also affect other countries due to high degree of globalization and financial integration (Kar et al., 2011; Chang et al., 2014) . Given this, panel data sets are likely to exhibit substantial cross-sectional dependence, which may occur due to the presence of common shocks and unobserved components as a part of error term. Cross-sectional dependence across countries may play a crucial role in deriving causal linkages (in favour or against causality) between stock market development and economic growth. In particular, cross-sectional dependence in cross-country study such as ours may arise due to labour and capital migration, spatial correlations, spill-over effects, economic distance, omitted global variables and common unobserved shocks (Omay and Kan, 2010) . In today's context of globalised financial markets, stock markets are integrated or cross-sectionally dependent due to fast computing and information flow across the continents which provides considerable ease to market participants to switch between stock markets for better returns and similarly, economic growth of advanced economies is linked through channels such as trade and investments etc (Kar et al., 2011) .
We apply Pesaran (2004) test to check evidence of cross-sectional dependence in this study. The test has null hypothesis of no cross-sectional dependence and is based on CD-statistic, which is calculated as below.
where s are the pairwise correlation coefficients of OLS residuals ( ) from individual regression of cross-sections and is given as below.
Bootstrap Panel Granger Causality
We examine causality between stock market development and economic growth using Emirmahmutoglu and Kose (2011, EK from hereon) method which allows us to test Granger causality for each cross-section as well as allows to test the joint hypothesis of Granger causality using panel statistics. EK method proposes a simple Granger causality test based on meta-analysis in heterogeneous mixed panels and can be used in mixed panels involving stationary, non-stationary, cointegrated and non-integrated series (Seyoum et al., 2015) . EK method extended the time series based Granger causality testing procedure to panel settings using modified Wald statistic in a lag augmented vector autoregression (LA-VAR) framework proposed by Toda and Yamamoto (1995, TY from hereon) and applies bootstrapping to account for cross-sectional dependence. In LA-VAR framework, we estimate a level ( + ) in heterogeneous mixed panel. The reason for estimating lag augmented VAR model is that standard asymptotic theory is not applicable in Granger causality testing in level VAR model if variables are integrated or cointegrated (Park and Phillips, 1989; Sims et al., 1990; Toda and Phillips, 1993) . Therefore, pre-testing of order of integration and cointegration is generally done to specify VAR model appropriately which results in pre-test bias (Emirmahmutoglu and Kose, 2011) . This pre-test bias arises because unit root and cointegration tests have low statistical power and different testing procedures often provide contradictory results. Therefore, the failure to accurately specify VAR model in conventional Granger causality procedure may provide false prediction as to the direction of causality. TY provided an alternative method to circumvent this problem by using modified Wald statistic in a lag augmented VAR (LA-VAR) model as specified below.
Here, and denote measure of economic growth and indicators of stock market development, respectively; = 1, 2, 3, ⋯ , denotes time period and ( =1, ⋯ , ) denotes individual cross-sectional units; and are two vectors of fixed effects;
, and , are column vector of error terms. Lag structure is denoted using and may differ across cross-sectional units; l denotes number of lags; denotes the maximum order of integration suspected in the system for each cross-section.
VAR model specified in Eq (3a) and (3b) is estimated for each cross section and Wald Statistic obtained for each cross-section is termed the modified Wald statistic (M-Wald); it is chi-square distributed with + degrees of freedom. 4 Inference on Granger causality is drawn on the basis of M-Wald statistics. In TY methodology, we need not know exact order of integration to be specified for VAR model; here, we need to calculate maximum order of integration to be specified in VAR system of equations ( ) through conventional time series unit root test procedure. The joint hypothesis of Granger causality for the panel is tested through panel statistics which have higher statistical power than corresponding time series based testing procedure (Breitung and Pesaran, 2008) . The hypothesis of Granger causality testing from to in panel set-up is specified as: : = 0, for all , Against : ≠ 0, for at least one .
Panel statistics suggested by EK (2011) is based on Fisher (1932) type statistic and is calculated as:
Here, denotes number of cross-sections; is the p-value corresponding to the M-Wald statistic of th cross-section. The advantage of using Fisher-type panel statistic Yamada and Toda (1998) shown that pre-test bias and size distortions can be avoided asymptotically by using LA-VAR model in which we need not to test for correct order of integration or cointegration. And, actual size of LA-VAR quickly approaches the asymptotic size as the sample size increase.
is that, we need not make homogeneity assumption while making inference on causality. If the individual cross-sections are independent (i.e. there is no cross-sectional dependence), then F statistics is chi square distributed with 2*n degrees of freedom. In addition to usual Fisher test (Fisher, 1932) , we also calculate two more statistics of the same form as used by Choi (2001) in the context of panel unit root, these are calculated as:
In above equations, Φ(•) is the standard normal cumulative distribution. Z statistic is proposed by Stouffer et al. (1949) and is called inverse normal test. L test is termed as the logit test (George, 1977) . Choi modified these test statistics and apply these in the context of panel unit root testing which we termed as ℎ and ℎ . Advantage of using above panel statistics is that heterogeneity of individual cross-sectional units in panel is well taken care of while calculating panel statistics. However, as mentioned above, panel statistics have standard distributions only if the individual units are cross-sectionally independent. Therefore, to account for cross-sectional dependence, EK suggest bootstrap procedure to calculate critical values of the modified Wald statistic as well as panel statistics (bootstrap procedure applied in EK method is described in appendix).
DATA DEFINITION AND SOURCES
In this paper, we consider an unbalanced panel of 25 advanced economies 5 for 1975-2011. Real annual per capita GDP growth (GROWTH) is considered as the indicator of economic development and data are procured from PWT 8.1 (Feenstra et al., 2015) . 6 Three indicators of stock market development are employed in this study: 1) stock market capitalisation to GDP ratio (MARKET CAP), 2) ratio of value of total shares traded to market capitalization (TURNOVER RATIO) and 3) ratio of value of total shares traded to GDP (VALUE TRADED). 7 MARKET CAP is considered as the indicator of stock market size and signifies the extent to which investors can diversify risk (Demirgüç-Kunt and Maksimovic, 1996; Levine and Zervos, 1996) . TURNOVER RATIO measures the degree of activity in the stock market and VALUE TRADED also signifies activities of a stock market. While VALUE TRADED is measured with respect to size of the economy, TURNOVER RATIO is measured with respect to size of the stock market. Therefore, turnover ratio of small stock market in a relatively bigger economy can be large even if value traded is smaller. Thus, liquidity measures compliment the measure of stock market size and may significantly affect growth by easing investments in long-term projects, promote acquisition of information about firms and managers, thereby improving corporate governance (Holmstrom and Tirole, 1993) . Stock market capitalization to GDP ratio (MARKET CAP) shows the kind of diversification opportunities available to investors and therefore, it can be presumed that these big stock markets (with large MARKET CAP) are also liquid. One notable exception is, Luxembourg, where stock market is large in terms of MARKET CAP but the market is less liquid than many other European markets (See Table 1 ). Data pertaining to indicators of stock market development is procured from World Development Indicators (WDI).
8 Table 1 present average value of all variables in the study period. We observe that average GDP per capita growth ranges from 0.83% in Italy to 5.61% in South Korea. Hong Kong, Singapore, Switzerland and Luxembourg appear to have the largest stock market in terms of market capitalisation. Hong Kong, Switzerland and United States have most liquid stock markets in terms of value traded to GDP ratio. As far as turnover ratio is concerned, South Korea and Switzerland are among the most developed stock markets. In Figure A1 of appendix, we present average movement of indicators of stock market development over the study period and observe that all indicators of stock market development (market cap, value traded and turnover ratio) have shown, in general, an upward trend during the study period. However, we observe significant slowdown in terms of all indicators during recessionary episodes such as internet bubble-burst in early 2000s and subprime crisis later in that decade.
RESULTS AND DISCUSSIONS
We first test whether panel of advanced economies in our sample are cross-sectionally dependent or not. We test cross-sectional dependence using Pesaran (2004) These three indicators of stock market development are most commonly used stock in the literature (See: Levine and Zervos, 1998; Rousseau and Wachtel, 2000; Beck and Levine, 2004) . rejected at 1% level for all the variables, which implies that panel methods testing for causality must account for cross-sectional dependence. As stated in previous section, Granger causality test using Toda-Yamamoto (1995) method only requires knowing maximum order of integration ( ) suspected in the VAR system of equations. For Granger causality test through VAR set-up (eq. 3a-b) for each country, we need to specify for VAR set-up for each country. For this purpose, we conduct augmented Dicky-Fuller unit root test (Dickey and Fuller 1979) for all countries and (Tables 3-5). We observe that while economic growth is stationary at levels for few countries and is integrated of order one for the rest of the countries except Greece and Portugal, which are integrated of order two. For, most countries, MARKET CAP is integrated of order one and for few other countries such as Greece, Italy, New Zealand, Portugal, it is integrated of order two. Therefore, maximum order of integration ( ) is one for majority of countries and two for the rest. Similarly, in case of VALUE TRADED and TURNOVER RATIO, ( ) is equal to one for majority of countries and two for a few. We also conducted Granger causality testing between indicators of stock market development through EK method. As per panel statistics, we observe bi-directional causality between value traded to GDP ratio and stock market capitalisation to GDP ratio; bi-directional causality between turnover ratio and value traded;
uni-directional causality from market cap to turnover ratio. We don't present these results in order to focus on causal relationship between stock market development and growth. significant evidence of uni-directional causality from MARKET CAP to GROWTH and from TURNOVER RATIO to GROWTH since all panel statistics appear to be statistically significant at 1% and no evidence of reverse causality is observed in any of three indicators of stock market development. These findings support supply-leading view of the role of stock market in growth process. Significant effect of turnover ratio in growth process is consistent with previous literature (Levine and Zervos, 1998; Rousseau and Wachtel, 2000) which found that market liquidity has statistically significant effect on economic growth. However, in case of value traded to GDP ratio (VALUE TRADED), there is no evidence of Granger causality in either direction. TURNOVER RATIO as well as VALUE TRADED are considered two important measures of liquidity of stock market. Turnover ratio is measured with respect to size of economy and VALUE TRADED is measured with respect to size of the economy. However, absence of causality in either direction in case of VALUE TRADED to GROWTH and presence of causality in case of TURNOVER RATIO to GROWTH reflect that liquidity measured with respect to the size of stock market (i.e. TURNOVER RATIO) is relatively more important than measured with respect to size of economy (i.e., VALUE TRADED). As mentioned in Levine and Zervos (1998) , TURNOVER RATIO is a better indicator of stock market liquidity than stock market value traded to GDP ratio. Note: ***/**/* denotes statistical significance at 1%, 5%, 10% respectively and ***/**/* in parenthesis Comparing results based on conventional p-values and bootstrap critical values, we observe that bootstrap critical values are more conservative than conventional critical values (with the assumption of no cross-sectional dependence). The results, however, based on conventional p-values are mostly consistent with results based on bootstrap critical values barring few exceptions. However, inference is mainly made on the basis of bootstrap critical values as these are supposed to be robust towards cross-sectional dependence (Emirmahmutoglu and Kose, 2011) . Table 7 shows that null hypothesis of Granger no-causality from MARKET CAP to GROWTH is rejected for 18 of the 25 countries at 5% level (or less) of significance (p<0.05). However, we do not find evidence of reverse causality except in case of South Korea, although uni-directional causality from MARKET CAP to GRWOTH is significant at 10% as per conventional p-values for South Korea. However, as per bootstrap critical values, M-Wald statistic turns out to be statistically insignificant even at 10% level that rules out uni-directional causality from stock market capitalization to GDP ratio (MARKET CAP) to economic growth (GROWTH) in the presence of cross-sectional dependence. Weak evidence of reverse-causality (growth led stock market development) is present for South Korea at 10% level of significance (as per bootstrap critical values). Similarly, while looking at causality from MARKET CAP to GROWTH, M-Wald statistic is statistically significant at 5% level for Portugal at conventional p-values, it, however, is significant only at 10% as per bootstrap critical values. Above results also illustrate that not accounting for cross-sectional dependence may provide misleading evidences of Granger causality in few cases. Table 8 provides evidence in favour of Granger causality from TURNOVER RATIO to GROWTH in ten countries (Belgium, Canada, Germany, Hong Kong, Italy, South Korea, Norway Singapore, United Kingdom and United States) at 5% level of significance in terms of both conventional p-values and bootstrap critical values. However, for Portugal, M-Wald statistic is statistically significant only at 10% level. In case of Spain, M-Wald statistic is statistically significant at 10% level as per conventional p-values but not significant as per bootstrap critical values, hence we rule out causality from TURNOVER RATIO to GROWTH in Spain. Netherlands exhibit evidence of bi-directional causality between GROWTH and TURNOVER RATIO. In case of value traded to GDP ratio (VALUE TRADED), we find evidence in support of supply leading hypothesis (uni-directional causality from VALUE TRADED to GROWTH) for Netherlands and Norway only, whereas South Korea is the only country 10 We thank Furkan Emirmahmutoglu for providing Matlab code to carry out the Panel Granger Causality analysis, available at http://www.runmycode.org/companion/view/89. exhibiting reverse causality at 1% level of significance (Table 9) . Therefore, for much of the European countries, we find evidence in support of stock market development leading to economic growth. It is interesting to note that market capitalization to GDP ratio (MARKET CAP) as well as value traded to GDP ratio are influenced by high economic growth in South Korea. Stock market development in South Korea also contributes to growth through high turnover ratio. In case of fast-growing economies such as Hong Kong, robust stock market development leads to larger stock market size and liquidity which, in turn, contributes to faster economic growth. Overall, we find that in most of the advanced economies having well-developed stock markets, Granger causality mostly runs from stock market development to economic growth and supports supply leading hypothesis and few evidence of either demand following hypothesis or feedback hypothesis also exhibited by these countries. These findings support the predictions of few previous studies (Atje and Jovanovic, 1993; Greenwood and Smith, 1997; Levine and Zervos, 1996) which also finds evidence in support of stock market size (MARKET CAP) as the most important indicator of stock market development for growth in majority of sample countries where greater market size provides more diversification opportunity to investor. Second, liquidity measures exhibited different patterns as to Granger causal relation with GROWTH: in case of TURNOVER RATIO, we find evidence in support of supply leading hypothesis value traded to GDP ratio, however, neither Granger causes economic growth nor there is evidence of reverse causality barring three countries (Granger causality from VALUE TRADED to GROWTH is observed for Netherlands and Norwy and reverse causality from GROWTH to VALUE TRADED is noticed for South Korea). In fact, we do not find substantial evidence of favourable theoretical prediction that stock market liquidity eases investment in long term, which leads to potentially more profitable investment projects, improve allocation of capital and enhance prospects for economic growth (Levin and Zervos, 1996) . Our findings on causality for liquidity measures of stock market development, particularly, value traded are also in line with theoretical predictions of Bencivenga and Smith (1991) that greater stock market liquidity through reduction of uncertainty, may substantially reduce savings rate and hence, may reduce growth in view of the fact that savers are generally reluctant to relinquish control of their savings for a long period of time. Third, we also do not find any consistent evidence of feedback hypothesis across advanced economies with respect to stock market development and growth although theory predicts that markets promote growth and that growth, in turn, encourages formation of stock markets (Greenwood and Smith, 1997) .
One important question that arise from above findings relates to what are the appropriate policy lessons to developing economies as to the direction of the development of stock market that is conducive to economic growth. Previous empirical studies draw mostly on the experiences of advanced economies with well-developed stock markets. Singh (1993) argues that so long, developing economies with underdeveloped stock markets and high volatility of stock prices are affected by speculation, lack of investor commitment and short-termism, these economies should foster bank-based financial system in lines with experiences of countries such as Germany, Japan and France. However, it does not necessarily preclude potential role that stock markets can play in these emerging economies with stocks market in the early stages of development.
These economies can focus on stock market development with favourable market conditions ensuring investor safety, corporate control, controlled speculation and fairplay, and ensuring investor commitment to long-term projects on one hand and ensuring fund-raising opportunities to not only large firms but also for small and medium enterprises by maintaining investor trust in the market. (Singh, 1993; Atje and Jovanovic, 1993) .
CONCLUDING REMARKS
The paper examines Granger causality between stock market development and economic growth in a sample of 25 advanced economies over the period 1975-2011. We use three indicators of stock market development and apply bootstrap based panel Granger causality procedure developed by Emirmahmutoglu and Kose (2011) that accounts for cross-sectional dependence and heterogeneity in a panel. We find that not accounting for cross-sectional dependence may provide misleading evidence in support of causality. Overall, we find evidence supporting strong inter-linkage between stock market and real economy and direction of causality running mostly from stock market development to growth in advanced economies. For both panel as well as individual countries, mostly, we find evidence of uni-directional causality from stock market development to growth for indicators of market size (market capitalisation to GDP ratio) and market liquidity (turnover ratio). These findings are in favour of supply leading hypothesis (stock market led growth), which are similar to the findings of Calderon and Liu (2003) and Christopoulos and Tsiaonas (2004) which use indicators of financial intermediary development. However, we scantly find evidence of either demand-following hypothesis or feedback hypothesis. Another important finding of this paper is that liquidity measures of stock market development such as turnover ratio and value traded ratio are relatively less important than measure of market size such as market capitalization in long-term growth process of advanced economies. This observation runs contrary to theoretical prediction that stock market liquidity eases investments in long-run, potentially lead to more profitable investment projects, improve the allocation of capital and enhances prospects for economic growth. The policy implication from above analysis is that emerging economies must also focus on stock market development for long term economic growth. However, we do not advocate in favour of haphazard stock market development as it may also contribute towards growth volatility. The role of stock market in volatility of growth may be an important area of future research.
APPENDIX
A1. Bootstrap Algorithm
Bootstrapping procedure to account for cross-sectional dependence while carrying out Granger causality test is discussed as follows. Consider vector autoregression (VAR) model with number of lags, + used for testing Granger causality testing between two variables x and y in in heterogeneous mixed panels as specified below: 
Here, is the maximum order of integration suspected to occur in the system critical values are obtained from the empirical distribution for selecting appropriate percentiles of these sampling distributions. Emirmahmutoglu and Kose demonstrate that performance of LA-VAR approach under both conditions of cross-section independence and cross-sectional dependence seem to be satisfactory for all values of and . Mailing Address: Department of Humanities and Social Sciences, Indian Institute of Technology, Ropar, Punjab, India. Pin-140001, India. Email: samaresh@iitrpr.ac.in 
